Nonnative aggregation of an IgG1 antibody in acidic conditions, part 2: nucleation and growth kinetics with competing growth mechanisms.
Aggregation mechanisms as a function of pH were assessed for the IgG1 antibody described in Part 1 (Brummitt RK, Nesta DP, Chang L, Chase SF, Laue TM, Roberts CJ. Non-native aggregation of an IGG1 antibody in acidic conditions: 1. Unfolding, colloidal interactions, and high molecular weight aggregate formation. J Pharm Sci. In press). Aggregation kinetics along with static light scattering and size-exclusion chromatography indicated that the aggregate nucleus was a dimer for all conditions tested, and this was semiquantitatively consistent with scaling of the characteristic time scale for nucleation (τ(n)) versus protein concentration at pH 4.5 and pH 5.5. Changing pH significantly altered the mechanism of aggregate growth, as well as the size and solubility of aggregates that were formed. Aggregates at pH 3.5 grew primarily by monomer addition and remained small and soluble. Aggregates at pH 4.5 grew first by chain polymerization, followed by condensation polymerization, leading ultimately to large insoluble particles. At pH 5.5, monomer loss resulted primarily in insoluble aggregate formation, with only low levels of soluble aggregate intermediates detected at early times. The influence of pH on aggregate solubility and the reversibility of aggregate phase separation were confirmed via cloud point titrations. Qualitatively, the global aggregation behavior was consistent with reduction of charge-charge repulsions as a primary factor in promoting larger aggregates and aggregate phase separation.